Abstract: Capacitance transducers have been used to collect ultrasonic data in air across regions of heated and flowing gas. Tomographic imaging was then used to reconstruct spatial variations in flow velocity and temperature.
INTRODUCTION
Ultrasonic tomography has been used in past work for the inspection of solid materials such as silicon dioxide, wood and rocket propellants, using contacting or water immersion techniques [1] [2] [3] . It is possible, however, to use non-contact transduction techniques for tomographic imaging, and this has been achieved using air-coupled devices to perform imaging of solids using Lamb waves [4] . The micromachined devices that were used for this work, based on electrostatic principles, have been described elsewhere [5] . It was felt by the authors that the devices were also suited to imaging applications in gases, due to their ability to generate and detect ultrasonic waves in gases over a wide frequency range (<1OOkHz->2MHz),with excellent sensitivity. The devices are thus ideal for accurate measurement of propagation delay and frequency content, and this is applied here to the imaging of temperature and flow fields in air.
Tomographic techniques are used to treat the data, which is reconstructed using a technique known as filtered back-projection. Most commonly, data is taken in the form of travel times across the region of interest in a single plane, and the result is a reconstruction of spatial variations in acoustic velocity. In the case of gases, the propagation delay from source to receiver can be affected by several parameters, and of particular interest here are flow and temperature. The component of flow in the direction of ultrasonic propagation is the parameter of interest, whereas temperature is a scalar effect. Figure 1 gives examples of waveforms recorded using micromachined electrostatic transducers in air, with the dotted waveform having travelled through a heated region. The increased velocity in this region results in an earlier time of arrival of the wide bandwidth transient, which is also of lower amplitude due to scattering and refraction effects. Data was taken in the form of projections, as shown in Figure 2 , where a source and receiver pair were moved around the area of gas to be imaged (shown as the "object") in the manner shown. This was achieved using a set of scanning stages under control of a PC, with data captured as waveforms on a Tektronix digital oscilloscope before being stored on the PC. The times of arrival across individual paths were estimated, and the data entered into the reconstruction software.
EXPERI~NTAL ARRANGE~NT

RESULTS AND DISCUSS1ON
Figure 3(a) shows five reconstructed cross-sections at various heights through an air-jet, emanating from a Imm diameter nozzle at a flow rate of 15 litres/minute. Enlargement of the jet as it propagated is clearly visible, with the contours being that of sound speed. Figure 3(b) shows cross-sections at various heights through a heated air column, produced by a soldering iron. The contours in this case are in degrees Centigrade, as derived from changes in local sound speed. It will be evident that the technique has been successful. Further experiments will be made to determine the applications that this technique may have for gas analysis.
